ferred each day to fresh plates to avoid losing track of these initial worms in the morass of progeny. This is tedious and time consuming, greatly reducing the number of killing assays that can be performed. We therefore tested whether temperature-sensitive C. elegans glp-4 shown to be involved in virulence or for which a role in several related to the type III secretion system (TTSS) virulence had been presumed but not clearly demonencoded in Salmonella pathogenicity island 1 (SPI-1). strated (2A4, 3E4, 3E11, 3H7, 6D4, 5F3, and 6E5) ( Table  Mutants corresponding 
from wild-type Salmonella in epithelial cell invasion and nents of two TTSSs that direct the translocation of a variety of effectors that facilitate bacterial pathogenesis the PMN transepithelial migration assays (data not shown). Although the rhuM mutant exhibited the least by modulating actin cytoskeleton dynamics, nuclear responses, and endocytic trafficking [13]. Our screen for reduction in the PMN transepithelial migration assay of the seven mutants tested, it showed a significant S. enterica mutants that exhibit decreased ability to kill C. elegans led to the identification of four mutants that decrease in epithelial cell invasion. The rest of the mutants tested showed significant reductions in both epicorrespond to Salmonella TTSS-related genes (Table 1 and Figure 1B . Using a variety of C. elegans mutants in which cell death is blocked, it was enterica overexpressing hilA from plasmid pVV214 resulted in faster C. elegans killing than that caused by shown that S. enterica-induced germline cell death is dependent on the well-characterized CED-9/CED-4/ wild-type S. enterica control ( Figure 1C) .
In most of the animals corresponding to the Metazoan CED-3 pathway, homologous to the BCL2/APAF-1/CAS-PASE pathway in mammalian cells. Figure 1D shows phyla, which includes both vertebrates and invertebrates, the intestinal epithelium is protected with one that S. enterica hilD and hilA failed to elicit germline PCD, indicating that SPI-1 TTSS-related genes are reor more barriers rich in carbohydrates and antimicrobial substances. Such membranes, termed peritrophic maquired for the process. Two additional TnphoA insertion mutants (6E5 and 8F4) that exhibit reduced virulence trix (PM) in invertebrates, appear to be critical in protecting animals from bacterial infections. However, bacin C. elegans were not distinguishable from wild-type Salmonella in the elicitation of PCD (data not shown). terial pathogens secrete toxins and enzymes that penetrate the PM and alter its permeability, allowing Further studies will be required to understand which specific effector proteins and host signaling pathways bacteria to access the midgut cells of invertebrates [24] . Although there is evidence of an undefined matrix lining are important in the modulation of the S. enterica-elicited PCD in nematodes. the gut of C. elegans, this animal does not contain a In previously published work, it was shown that a p38 normalizing any observed decrease in longevity of the Pmtl-2::sptP::gfp animals feeding on Salmonella to any MAPK signaling pathway is a conserved component of innate immunity in mammals and nematodes [31, 32].
decrease in longevity when feeding on E. coli and, therefore, takes into account a decrease in longevity due to Given the fact that, in mammalian cells, SptP acts as a GTPase-activating protein for Cdc42 and Rac, which a general defect in fitness rather than a specific defect in an innate immune response. Figure 2C shows that are required for the activation of p38, we tested whether ectopic expression of SptP in C. elegans intestinal cells Pmtl-2::sptP::gfp animals exhibited a modest but highly significant increase in relative mortality to S. enterica would enhance susceptibility of C. elegans to S. enterica compared to wild-type N2 animals (p Ͻ 0.0001). Pmtl-2::sptP::gfp animals were also more susceptible to P. aeruginosa strain PA14 (Figure 2C ), indicating that intestinal expression of SptP inhibits a defense response pathway that is not exclusive to S. enterica.
Consistent with the hypothesis that SptP inhibits the MAPK pathway required for C. elegans defense response by preventing the phosphorylation of PMK-1/ p38, PMK-1 activation is reduced at least 2-fold in Pmtl-2::sptP::gfp animals compared to control animals (Figure 2D) , showing that the intestinal expression of SptP partially blocks the C. elegans defense response by inhibiting the PMK-1/MAPK pathway. These results are also consistent with the relatively modest increase in susceptibility of Pmtl-2::sptP::gfp worms to S. enterica and P. aeruginosa compared to worms in which PMK-1 was knocked down by RNAi ( Figure 2C ). Figure 2C also shows that the modest increased susceptibility to S. enterica-mediated killing of Pmtl-2::sptP::gfp animals, which is probably caused by a reduction in the level of active PMK-1, is greatly increased by complete inhibition of active PMK-1 by RNAi (sptP;pmk-1 animals).
Since SptP acts as a GTPase-activating protein involved in the inactivation of Rac, we tested whether ced-10/rac nematodes carrying a Gly 60 to Arg mutation in a conserved motif implicated in GTP binding [35] would exhibit enhanced susceptibility to S. entericamediated killing. The time required for 50% of ced-10(n3246) animals to die (TD 50 ) when fed at 25ЊC on S. enterica was 3.25 Ϯ 0.6 days compared to 5.6 Ϯ 0.7 days for wild-type animals, indicating that ced-10(n3246) animals are hypersusceptible to S. entericamediated killing. We also tested whether the reduced virulence of the S. enterica sptP mutant 2C4 could be reversed by the inactivation of CED-10. Figure 3A shows that the virulence of the sptP mutant was not significantly different than the virulence of wild-type S. enterica in ced-10(n3246) animals, indicating that the reduced virulence phenotype of the sptP mutant could be suppressed by the inactivation of CED-10. Similarly, Figure  3B shows that the reduced virulence of the S. enterica sptP mutant 2C4 could be reversed (complemented) by the expression of sptP in C. elegans intestinal cells. Figure 3B shows that, in contrast to the sptP mutant, intestinal expression of sptP in C. elegans intestinal cells did not suppress the avirulent phenotypes of S. enterica mutants 3H7 and 6D4, eliminating the possibility that for maximum S. enterica-mediated killing of C. elegans.
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We also showed that SptP acts as a virulence factor, in 
